INTRODUCTION
Coculture of human embryos during in vitro fertilization (IVF) has been reported to improve embryo quality, blastocyst development, implantation rates, and clinical pregnancy rates (1) (2) (3) (4) (5) (6) (7) (8) (9) . Various cell types, including commercially available cell lines, human epithelial and fibroblast cell lines, cancer cells, and autologous endometrial cell lines, have been used for IVF coculture (1, 4, 10, 11) . The mechanism by which coculture of embryos results in improved morphology, development, and implantation ability has not been clearly identified, however, two major hypotheses have been proposed. First, coculture of the embryo with another cell line may alter the chemical composition of the growth medium by altering the concentration of metabolites or detoxifying the culture medium. Second, the added cell line may contribute embryotrophic factors which directly affect the growth of the developing embryo.
Despite the abundance of data indicating the benefit of embryo coculture, coculture is not routinely used by most IVF laboratories. This is due primarily to the difficulty, cost, and time associated with maintaining a cell line and the potential risk of infection associated with the use of nonautologous cell lines. It has become increasingly evident that the use of autologous cell lines facilitate the routine use of coculture. Dirnfeld et al. recently demonstrated that a coculture system using autologous granulosa cells recovered during oocyte aspiration was beneficial in improving embryo quality and pregnancy rates in patients with a prior cycle of poor embryo development (12) . Additionally, cumulus cells have been shown to improve blastocyst development in both the human and the mouse (13, 14) .
This study evaluated the effect of a simple, autologous coculture system on embryo morphology in a prospective randomized study using both attached and nonattached cumulus tissue. In a second study, embryo quality implantation rates, and pregnancy rates were evaluated before and after implementation of this coculture system for routine use during IVF.
MATERIALS AND METHODS
One hundred thirty-six patients underwent in vitro fertilization using standard techniques for ovarian stimulation and transvaginal, ultrasound-guided oocyte aspiration. Oocytes were identified and recovered from follicular aspirates in a regulated environment containing 5% CO 2 at 37°C, then placed in human tubal fluid culture medium (HTF) containing heparin and Hepes buffer. The oocytes were immediately rinsed in this culture medium, and bloody and/or highly condensed cumulus cells were removed using fine gauge needles. The cumulus oocyte complexes (COC) were then immediately transferred to 50 ul droplets of standard HTF culture medium supplemented with 10% maternal serum and covered with mineral oil. Following 4-6 hr of preincubation, each oocyte was inseminated with 100,000 to 250,000 progressively motile sperm prepared by percoll gradient centrifugation.
Eighteen to twenty hours following insemination the oocytes were gently denuded using a sterile micropipette with an inner diameter of 150 um (Irvine Scientific, Santa Anna, CA). Oocytes were randomly allocated to one of three groups. For one-third of the oocytes a portion of cumulus was left attached to the oocyte when the oocyte was transferred into fresh HTF growth medium containing 15% heat-deactivated, maternal serum. The remaining oocytes were either transferred to growth medium without any cumulus tissue or transferred with a nonattached piece of cumulus tissue. Added cumulus was obtained from the denuding of the oocyte. Granulosa cells from the follicular fluid were not used. Care was taken to minimize the effect of reduced pipetting as a possible factor in the outcome of the study. Since some embryos denude more easily than others, the assignment to a treatment group was made prospectively, before initiation of the denuding process. The oocytes were evaluated for pronuclear development, and only embryos showing clear development of two pronuclei were evaluated in the study.
Embryos were evaluated after 48 hr of culture in the growth medium. The number of blastomeres and embryo quality were evaluated, and an embryo score based on the combination of cleavage rate and embryo quality was calculated. Briefly, 1 point was given for each blastomere present, and 1 to 2 points were subtracted for abnormal blastomere morphology. Three points were subtracted for blastomere fragmentation. Some patients received embryo transfers including embryos from different treatment groups, therefore, a comparison of implantation and pregnancy rates was not possible.
Based on the data from the above study, a second study was initiated in patients not undergoing intracytoplasmic sperm injection (ICSI), in which an attempt was made to culture all embryos with attached cumulus tissue. In rare instances in which cumulus did not remain attached to the oocyte during the denuding process, a portion of tissue was added to the growth medium microdroplet. Embryos were transferred into 120 recipients using this technique. Embryo scores, implantation rates, and pregnancy rates were compared for this group of patients with the data from 127 non-ICSI patients undergoing IVF immediately prior to initiation of this protocol.
Data were analyzed by analysis of variance (ANOVA) and chi-square analysis.
RESULTS
The mean embryo score was 5.61 ± 0.29 for embryos cultured with a portion of the cumulus tissue remaining attached to the embryo, significantly higher (P < 0.05) than for either of the other two study groups (Fig. 1) . The mean embryo score for embryos cultured with cumulus tissue added to the microdrop was 4.72 ± 0.31, compared to 3.95 ± 0.26 for embryos cultured without any cumulus tissue in the microdroplet.
Based on the above data, embryo culture procedures were modified to include attached or added cumulus tissue to all embryos when possible. A comparison of 127 consecutive IVF patients (excluding patients receiving ICSI) before the change of protocol with 120 patients using the cumulus coculture technique is shown in Table 1 . Mean embryo scores, implantation rates, and clinical pregnancy rates were all significantly (P < 0. 05) higher in the cumulus coculture technique and in the standard culture. The clinical pregnancy rate was 49.2% (59/120) with coculture, compared to 39.4% (50/127) with the standard culture technique.
DISCUSSION
This study demonstrated that a significant improvement in embryo quality, implantation ability, and clinical pregnancy rates was obtained using a simplified coculture technique with autologous cumulus tissue. Embryo quality was significantly improved when cumulus tissue was added to the microdrop culture medium, however, maximum improvement was observed when cumulus tissue remained attached to the zygote. This technique may be particularly advantageous compared to other coculture techniques because of its ease and safety. No cell lines need to be maintained in the laboratory, and the patients' embryos are not exposed to potentially harmful factors from other species or patients.
One explanation for these data may be a decrease in damage to the cocultured embryos due to less vigorous pipetting when leaving cumulus attached to the oocyte. While this cannot be disproved, two points are worth considering. First, care was taken to attempt to randomize the treatment, rather than assigning the treat- ment by the ease of cumulus removal. Second, it is interesting to note that embryo quality was improved when cumulus was simply readded to the microdrop of medium. These facts indicate a probable embryo trophic effect of the cumulus, rather than a reduction in damage to the oocyte. Fukaya et al. have shown that direct cell-to-cell contact is not needed to obtain the benefits of coculture (15) . Since gap junctions do not exist between the cumulus and the embryo at this stage of development, it is likely that the observed benefits are derived from a paracrine-like effect. Previous studies have shown paracrine actions in which cumulus-derived factors affect the embryo and, conversely, embryo-derived factors which affect the cumulus tissue (16) (17) (18) (19) . These paracrine interactions between the cumulus tissue and the embryo may be enhanced by the proximity of attached tissue to the embryo.
Differences were observed in the degree of attachment and spreading of the cumulus cells to the culture dish (Figs. 2 and 3) . Generally, high embryo quality was associated with the highest degree of cumulus attachment to the culture dish, however, this study did not quantitate those differences. It is possible that interpatient differences in cumulus attachment and spreading may be reflective of the inherent developmental potential of the COC or may be reflective of differences in the maternal sera used to supplement the growth media. Interestingly, intrapatient differences in cumulus attachment and spreading were observed, indicating a likely variation in the cumulus tissues from the same patient.
Benefits of coculture may result from a modification or conditioning of the culture medium, expression of growth factors, or expression of other factors which may guard against oxidative stress (16, (20) (21) (22) (23) (24) . Autologous cumulus cell coculture appears to provide such benefits. Studies are under way to determine the mechanisms which result in the improved embryo development seen in this study. Additionally, the effect of this Fig. 2 . Embryo with the minimal quantity of attached cumulus acceptable for the initial study comparing embryo quality following coculture with attached, added, or no cumulus. In the subsequent study evaluating implantation and pregnancy rates, as much cumulus tissue was left attached as possible while not impeding embryo morphology evaluation. Fig. 3 . Abundant cumulus attached to the culture dish and spreading. Generally, this type of cumulus attachment and spreading was associated with a higher level of embryo quality for the patient, though not necessarily specific for that embryo.
technique on embryo development following ICSI is being studied.
